Objective: To estimate the frequency of Arg64 allele of the b 3 -adrenergic receptor (3-BAR) gene in healthy (H) and obese (O) Hungarian children, and to look for possible associations between this polymorphism and some clinical and metabolic characteristics of obese children. Patients/methods: In all, 147 healthy (male: 68) and 295 obese (male: 168) children were examined. The average age of the children in the two groups was 12.471.7 vs 12.673.2, respectively. Exon 1 of 3-BAR was amplified by polymerase chain reaction and the fragments were digested with BstN1. In obese children, oral glucose tolerance test was carried out and blood pressure (BP) was checked. Results: The frequency of Trp64Arg polymorphism in normal and obese Hungarian children was similar (H vs O: n ¼ 14/9.5% vs n ¼ 35/11.8%). Obese children carrying the Arg64 allele (n ¼ 35, male: 23) were compared to randomly chosen, obese children without the Arg64 allele (n ¼ 35, male: 20). A significant difference was found between the body weight (81.2723.2 vs 75.6717.7 kg; mean7s.d.; Po0.01), body fat (38.873.9 vs 36.572.3%; mean7s.d.; Po0.05), mean fasting insulin levels (31.4716.7 vs 16.977.6 mIU/ml; Po0.001) and mean systolic BP values (125.2710.1 vs 114.578.3 mmHg; Po0.001) of the two obese groups. Conclusions: The frequency of Trp64Arg polymorphism was similar in Hungary as compared to other European countries. Although the prevalence of this polymorphism was similar in H and O children, the presence of Arg64 allele seems to be associated with increased adiposity, elevated systolic BP and higher fasting insulin levels.
Introduction
In spite of the fact that obesity has got a health and economic significance, little is known about its environmental and genetical background. Although the candidate chromosomal regions, genes and markers supposed to be associated with obesity and/or obesity-related diseases are numerous (approximately 200), the results concerning their role and significance have been controversial. Major gene mutations failed to meet the expectations and they explain only rare forms of obesity. It is clear that more study is needed to examine the role of the gene polymorphism in the development of childhood obesity, especially in Hungary, where such a study has not been performed yet.
The adrenergic system plays a major role in controlling energy expenditure. b3-adrenergic receptor (3-BAR) is the principal receptor mediating catecholamine-stimulated thermogenesis in brown adipose tissue (Emorine et al, 1989) ; it is also abundant in subcutaneous and abdominal white adipose tissue (Krief et al, 1993) . In humans, low 3-BAR activity could promote obesity through decreased function in white adipose tissue, particularly in visceral adipocytes.
The accumulation of visceral fat is associated with an increased risk of cardiovascular and metabolic complications of obesity. A mutation in the codon 64 of the 3-BAR gene leads to replacement of a tryptophan with an arginine (Trp64Arg) in the receptor molecule. Walston et al reported this mutation in 50% of hereditary obese Pima Indians; they had earlier onset of type II diabetes mellitus (T2DM) and a tendency to have a lower metabolic rate . The incidence of this mutation is doubled in obese patients as compared to the leans in Japan (Kadowaki et al, 1995) , and it is 8-10% of the general population in the USA and Europe (Clement et al, 1995; Walston et al, 1995) . Widen and colleagues demonstrated an increased tendency to develop T2DM in patients with this allele in a Finnish population (Widen et al, 1995) . The frequency of the mutation was similar in morbid obese and normal French subjects, but in extremely obese subjects, the mutation appeared to be associated with an increased capacity to gain weight (Clement et al, 1995) . Although some studies have explored a possible association between this mutation and various features of the so-called metabolic syndrome (Arner & Hoffstedt, 1999) , these results could not be confirmed by others (Allison et al, 1998; Fujisawa et al, 1998) . All these are adult studies; there are only few studies on obese children. Hinney et al, in Germany, compared Arg64 allele frequencies in a study cohort of obese children and adolescents, normal weight children, underweight young adults and patients with anorexia nervosa. The Arg64 allele frequencies of the different groups were similar. According to their results, the heterozygosity of Trp64Arg is not a major factor in the body weight (BW) regulation in children and young adults (Hinney et al, 1997) . In a Chinese study (Xinli et al, 2001) , the frequency of the mutated allele was similar in overweight and normal, healthy children (mean age was 9.170.3 vs 9.070.3 y). Although they could not detect a major role of the Arg64 allele in the BW regulation either, it was shown that this mutation may predict the effectiveness of dietary intervention in obese children.
According to our results (Csábi et al, 2000) , only 14.4% of the obese children aged 10-14 y are free from cardiovascular risk factors, while in 9% of them, the risk factors are clustering. Owing to the controversial results of the role of Trp64Arg polymorphism of 3-BAR gene and especially because of the scanty data in childhood, we decided to examine the frequency of this polymorphism in healthy and obese Hungarian children and to look for possible associations between this polymorphism and some metabolic characteristics of obese children.
Methods

Subjects
In all, 295 obese children (male: 168) referred to the Obesity Centre of the Department of Paediatrics, Medical Faculty, University of Pécs, were included in the study after the exclusion of any endocrinological disorder, nutritional, growth and renal problems or obesity syndromes. With the exception of obesity, the children had no apparent disease and were not taking any kind of medication. The study was approved by the ethic review committee of the University of Pécs. Written informed consent was obtained from all parents of the children before enrollment in the study. We considered children as obese if their BW exceeded the expected weight for height by more than 20%, and if body fat (BF) content was higher than 25% in males and 30% in females. A total of 147 healthy, nonobese children (male: 68) recruited from elementary schools served as controls. The BW of control children was less than 120% of the expected weight for height. Body mass index (BMI) was calculated according to the formula, real weight (kg)/height 2 (m 2 ), while BF was estimated from skinfold measurements using Parizkova and Roth's formula (Parizkova & Roth, 1972) . The relevant data of the children are shown in Table 1 .
Laboratory tests
Blood pressure (BP) was measured using a Mercury sphygmomanometer with proper cuff size in standard conditions. BP measurements were carried out according to the method recommended by the report in children (Update of the Task force report, 1996).Three to five occasional BP values were obtained and if the average of the BP values was above the 95th centile for age and sex, 24 h ambulatory BP monitoring (ABPM) was performed with a noninvasive recorder (Meditech, Hungary) using the oscillometric method. Systolic, diastolic BP and heart rate values were also monitored with a sampling time set for 20 min during daytime and for 30 min during sleep. The duration of these periods was adjusted to the individual timetable of the child. Those children whose mean 24 h arterial BP value exceeded the 95th centile value for height and sex (Soergel et al, 1997) were considered to be hypertensive.
Plasma glucose, serum insulin and lipid levels were determined from blood samples taken after an overnight fast in obese children. In obese children, oral glucose tolerance test (OGTT) (1.75 g/kg ideal BW, max. 75 g) was performed. Plasma glucose and serum insulin levels were determined at 30, 60, 90, 120 and 180 min at the OGTT by the glucose oxidase method and by commercially available radioimmunoassay kits, respectively. The criteria of impaired glucose tolerance (IGT) and diabetes mellitus were based on the recommendation of the American Diabetes Association (The Expert Committee on The Diagnosis and Classification of Diabetes Mellitus, 1997). Insulin resistance was estimated by the Homeostasis Model Assessment (HOMA) using the following formula: fasting serum insulin (mIU/ml) Â fasting plasma glucose (mmol/l)/22.5 (Matthews et al, 1985) . Serum cholesterol and triglyceride levels were determined by the enzymatic method with Boehringer kits.
Determination of the Trp64Arg polymorphism in exon 1 of the 3-BAR gene DNA was prepared from peripheral blood leukocytes by the salting out procedure (Miller et al, 1988) . Exon 1 was amplified with polymerase chain reaction (PCR) using primers BSTN UP: 5 0 -CGCCCAATACCGCCAACAG-3 0 and BSTN DOWN: 5 0 -CCACCAGGAGTCCCATCACC-3 0 (product size 210 bp).
PCR reaction was performed in a 50 ml reaction volume with 50-100 ng genomic DNA, 10 pmol of each primer, PCR buffer containing 10 mmol/l Tris-HCl (pH 8.8), 50 mmol/l KCl, 1.5 mmol/l MgCl 2 , 0.1% Triton X-100, 1 U Taq polymerase and 200 mmol/l dNTP.
PCR conditions were denaturation at 941C for 3 min, followed by 33 cycles of denaturation at 941C for 30 s, annealing at 641C for 15 s and extension at 721C for 20 s with final extension at 721C for 4 min.
Restriction enzyme analysis: A measure of 35 ml of PCR product was digested in a 50 ml volume containing 9.1 ml deionized distilled H 2 O, 0.5 ml BSA (10 mg/ml), 0.4 ml enzyme MvaI (an isoschizomer of BstNI, MBI Fermentas, 10 U/ml) and 5 ml of reaction buffer R (MBI Fermentas) and incubated at 371C for 4-18 h.
Restriction enzyme digestion products were separated on a 3% agarose gel and visualized by staining with ethidium bromide.
Digested fragments were 97, 61, 31, 15 and 6 bp for normal homozygotes, 158, 97, 61, 31, 15 and 6 bp for Trp64Arg heterozygotes and 158, 31, 15 and 6 bp for Arg64Arg homozygotes (Sipiläinen et al, 1997) .
Statistical analysis
All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) for Windows, version 10.0. All data are expressed as mean7standard deviation (s.d.). Correction for body height (BH), BF and BW was made by analysis of variance where BH, BF and BW were introduced as covariates. Significance at the difference between two groups was evaluated by two-sample t-test. Statistical significance was established at the Po0.05.
Results
The mean age of the two groups was comparable, while their weight, BMI (Po0.001) and BF (Po0.05) were significantly different (Table 1) . Table 1 also shows the frequency of Trp64Arg/Arg64Arg polymorphism of 3-BAR gene in healthy and obese Hungarian children. The mutation occurred in 14 healthy and 35 obese children (male: 23), of whom two were Arg64Arg homozygotes and 33 were Trp64Arg heterozygotes. The frequency of the polymorphism was similar in the two groups.
The obese children with Arg64 allele were compared to a group of obese children without it. The latter group was formed by a computer-generated randomization. The anthropometric data of obese children with and without polymorphism are shown in Table 2 . The weight of obese children with Arg64 allele was significantly higher (Po0.01) than those without the polymorphism. A similar tendency (Po0.05) was observed in BMI and BF values. Laboratory results are shown in Table 3 . The serum insulin levels and HOMA were significantly higher in children carrying of Arg64 allele as compared to those not having this. Since the two groups were significantly different in respect of BF and BW, and these factors are closely related to insulin levels and HOMA index; therefore, these latter two parameters were corrected for BW and BF. The corrected values remained significantly different between the two groups (Table 3) . Serum triglyceride, total cholesterol and HDL-cholesterol levels were not different between the two groups. The frequency of IGT was the same (11.4%) in the two obese subgroups. Systolic BP of subjects with Trp64Arg and/or Arg64Arg genotype was also significantly higher (Po0.001) than that of those with the Trp64Trp genotype (Table 2) , and it was the same after it was adjusted for BW and BF. Although BH was different between the two groups, it was not significant. It is known that height certainly can influence BP; therefore, systolic BP values were also corrected for BH, and the significant difference remained the same (Table 2) .
Discussion
According to the literature, the frequency of Trp64Arg mutation is highly heterogeneous among different populations (Clement et al, 1995; Kadowaki et al, 1995; Walston et al, 1995; Widen et al, 1995; Evans et al, 2000) . The frequency of the mutation was highest in the Pima Indians, followed by Japanese people and Caucasians in the USA and France (Clement et al, 1995) . As it has been mentioned in the introduction, Clement et al screened normal and morbidly obese patients, but the frequency of the Arg64 allele was similar in the two groups; however, patients with morbid obesity who were heterozygotes had an increased capacity to gain weight (Clement et al, 1995) . In Chinese children, the frequency of the polymorphism was close to the Japanese data and higher than that seen in Caucasians in Europe (Xinli et al, 2001 ). There was no significant difference between the frequency of carrying the Arg64 allele of 3-BAR gene in healthy and obese Hungarian children. The frequency was 9.5 vs 11.8% in the two groups, respectively, which is similar to the frequency of this polymorphism in Europe (Clement et al, 1995; Hinney et al, 1997; O'Dell et al, 1998; Urhammer et al, 2000) . Our results are in concert with the findings of studies conducted in children, so there was not a significant difference between normal weight and obese children (Hinney et al, 1997; Xinli et al, 2001) . Several studies have investigated the association of Trp64Arg polymorphism of the 3-BAR gene with obesity or weight gain, but the results are equivocal (Allison et al, 1998; Fujisawa et al, 1998) . Some studies (Endo et al, 2000) showed that the frequency of this polymorphism in obese patients was significantly higher than in normal subjects and BMI was significantly higher in subjects with Arg64 allele than in those homozygous for the normal allele. Kadowaki et al reported higher BMI not only in homozygotes but also in heterozygotes compared to normal subjects (Kadowaki et al, 1995) . In other studies (Hinney et al, 1997; Urhammer et al, 2000) , the mutation did not appear to have a role in the predisposition to higher BMI. The one possible reason for this contradiction can be the differences in the age and extent of obesity of the subjects in different studies. Corbalan et al examined 20-and 60-year-old people. Although the prevalence of the Trp64Arg polymorphism was similar among obese and control subjects, after adjustment for age, a higher odds ratio was found for the mutation among individuals between 20 and 35 y, while no increased risk was apparent among the subjects between 35 and 60 y (Corbalan et al, 2002) . These findings underline the importance of similar investigations in children. In spite of this, only few studies (Hinney et al, 1997; Urhammer et al, 2000; Xinli et al, 2001 ) have been conducted on the effects of this polymorphism on obesity and cardiovascular risk factors in children.
According to our results, the BW of obese children with the Arg64 allele was significantly higher as compared to those without this. The higher BW was due to increased accumulation of BF, that is, children with Arg64 allele were more obese than the children without this allele. Endo et al (2000) also found that BMI of Japanese children with the Arg64Arg or Trp64Arg genotypes was significantly higher than in those with the Trp64Trp genotype, so the polymorphism of the 3-BAR gene is a genetic risk factor for obesity. In a recent Italian study (Strazullo et al, 2001) , the role of Arg64 allele in the development of abdominal adiposity was suggested in adults.
In the present study, obese children with Trp64Arg and/or Arg64Arg genotypes had significantly higher fasting serum insulin levels, HOMA indices and systolic BP values than the Trp64Trp group. These differences remained significant when corrected for BW and BF. The significantly higher fasting serum insulin and HOMA values indicate the presence of insulin resistance, which together with high BP are the main features of metabolic cardiovascular syndrome. However, the lipid levels were similar in the two obese groups. Our results are in concert with the findings of Strazullo et al (2001) and Sakane et al (1997) . We are aware of the weaknesses of the present study, which are as follows: (1) confounding factors, such as socioeconomical background, physical activity and nutrition, which could also play a role in the differences found in the present study, were not investigated; (2) other polymorphisms (eg uncoupling protein 1, 2 and 3 and peroxisome proliferator-activated receptor-gamma genes) that were not studied in the present sample may also interact.
Conclusions
The frequency of Trp64Arg polymorphism in obese and healthy Hungarian children is similar to other European populations. The possession of Arg64 allele in obese children is associated with higher degree of obesity, insulin resistance and hypertension; however, the number of cases needs to be increased and further studies are needed to clarify these associations.
